Context. The morphological evolution of star-forming galaxies provides important clues to understand their physical properties, as well as the triggering and quenching mechanisms of star formation. Aims. We analyze the morphology of galaxies hosting star-forming events at low redshift (z < 0.36). We aim at connecting morphology and star-formation properties of low-mass galaxies (median stellar mass ∼ 10 8.5 M ) beyond the local Universe. Methods. We use a sample of medium-band selected star-forming galaxies from the GOODS-North field. Hα images for the sample are created combining both spectral energy distribution fits and HST data. Using them, we mask the star forming regions to obtain an unbiased two-dimensional model of the light distribution of the host galaxies. For this purpose we use PHI, a new Bayesian photometric decomposition code. We apply it independently to 7 HST bands, from the ultraviolet to the near-infrared, assuming a Sérsic surface brightness model. Results. Star-forming galaxy hosts show low Sérsic index (with median n ∼ 0.9), as well as small sizes (median R e ∼ 1.6 kpc), and negligible change of the parameters with wavelength (except for the axis ratio, which grows with wavelength in 46% of the sample). Using a clustering algorithm, we find two different classes of star-forming galaxies: A more compact, redder, and high-n (class A) and a more extended, bluer and lower-n one (class B). This separation holds across all seven bands analyzed. In addition, we find evidence that the first class is more spheroidal-like (according to the distribution of observed axis ratios). We compute the color gradients of the host galaxies finding that 48% of the objects where the analysis could be performed show negative gradients, and only in 5% they are positive. Conclusions. The host component of low-mass star-forming galaxies at z < 0.36 separates into two different classes, similar to what has been found for their higher mass counterparts. The results are consistent with an evolution from class B to class A. Several mechanisms from the literature, like minor and major mergers, and violent disk instability, can explain the physical process behind the likely transition between the classes.
Introduction
During the last decades, numerous studies have explored the different morphological, structural, and colour properties of starforming galaxies (SFGs). The relation between both the star formation (SF) and structural properties of galaxies, as well as their dependence with galaxy mass and cosmic time are key to understand galaxy evolution. Large surveys show that the bulk of star formation happens in disk galaxies, as defined by their "nearexponential" surface brightness profiles , with stellar masses below 10 10.5 M , and stellar mass surface densities lower than 10 8.8 M kpc −2 (Kauffmann et al. 2003; Ilbert et al. 2013 ).
In the nearby universe, HII galaxies, Blue Compact Dwarfs (BCDs), and dwarf irregular galaxies (dIrr) dominate the lowmass star-forming galaxy population. In order to understand the possible relation between the structure and star formation processes detailed photometric studies of SFGs revealed the necessity of either masking the star-forming regions (Cairós et al. e-mail: alcalle@iac.es 2002 (Cairós et al. e-mail: alcalle@iac.es , 2003 Caon et al. 2005; Amorín et al. 2009 ) or analysing only the outermost parts of the galaxies (Janowiecki & Salzer 2014) . These works unveiled old, disk-like host galaxies underneath the starburst events that dominate the optical emission of these systems.
At higher redshifts (z > 0.5), the morphological analysis of SFGs faces problems such as Malmquist bias, cosmological dimming, and lack of the needed spatial resolution (Paulino-Afonso et al. 2017 , and references therein). This implies that galaxies analyzed in these studies are typically more massive (M > 10 9.5 M ) than those at lower redshifts. Still, most of the previous work at these redshifts show that star formation tends to happen in disk galaxies with Sersic index n ∼ 1 (e.g. Wuyts et al. 2011) . Even compact, starbursting systems, such as Green Pea galaxies have been shown to host an underlying disk-like stellar structure similarly as their local counterparts (Amorín et al. 2012) . As redshift increases, the typical specific star-forming rate (sSFR) increases as well due to the SFR being higher for galaxies with the same stellar mass (Oliver et al. 2010; Whitaker et al. 2014; Tasca et al. 2015) . Galaxy morphology also changes A&A proofs: manuscript no. aa at higher redshift, with galaxies showing large and massive starforming knots van den Bergh et al. 1996; Elmegreen et al. 2004b Elmegreen et al. ,a, 2007 . Similarly as in low-redshift systems, an accurate description of the structural properties of the host galaxy can only be achieved once a separated analysis of the clumps (the current star formation) from that of the host galaxy (previously formed stars) is carried out. It has been also shown that star-forming clumps closer to the center of a galaxy are generally older, redder, denser (Guo et al. 2012) , and more massive (Hinojosa-Goñi et al. 2016; Cava et al. 2018 ) than those at larger galactocentric distances. This supports the idea that these massive clumps are created through violent disk instabilities (Bournaud et al. 2007) . Their coalescence and infall to the galaxy center eventually gives rise to central concentrations of stars thus reshaping the morphology of the galaxy (Ceverino et al. 2010 ).
The structural and morphological properties of galaxies are also linked to the triggering and quenching of star formation. Indeed, several observational works have pointed out the existence of a transitional population of galaxies (Dellenbusch et al. 2008; Meyer et al. 2014; Lian et al. 2015; Koleva et al. 2013; Pandya et al. 2017; Wang et al. 2017 Wang et al. , 2018 Kelvin et al. 2014; Pawlik et al. 2018; Maltby et al. 2018) . They show intermediate properties (in size, Sérsic index, star formation rate) between passive and normal SFGs, thus hinting to a possible evolutionary path where these properties are connected. In low-mass galaxies it has been extensively determined, both observationally and in simulations, that the star formation history (SFH) of low-mass galaxies is more bursty than in higher mass galaxies (Di Matteo et al. 2008; Bauer et al. 2013; Sparre et al. 2017; FaucherGiguère 2018) . The triggering mechanisms can be due to accretion of pristine gas (Sánchez Almeida et al. 2013 , the compression of hot gas around the galaxies due to interactions with the intergalactic medium (Wright et al. 2019) , or encounters with other galaxies (Stierwalt et al. 2015) . The quenching processes at these masses is thought to be dominated by the environment where they reside (Fillingham et al. 2018) . At high galaxy masses, more complex quenching mechanisms have been proposed, which may still play a role in the lower mass range. The compaction scenario suggests that galaxies grow their central stellar densities (through minor/major mergers, or violent disk instability) compacting the galaxy, and stopping star formation as a result (Dekel & Burkert 2014) . Along this line, another possibility is the morphological quenching theory (Martig et al. 2009) , where the growth of central stellar mass density inhibits further star formation by stabilizing the gas in the disk against gravitational collapse. The analysis of the structure of SFGs, and their diverse properties can help constrain the possible evolutionary pathways between them and the physical reasons driving these changes.
In this work, we present an accurate modeling of the surface brightness distribution and structural properties of the host component of low mass emission line galaxies (ELGs) at low redshift (z < 0.36). We aim at filling the gap between large surveys (at masses higher than 10 9 M ) and local dwarf galaxies analysis, with particular emphasis in the presence of transitional types (i.e., galaxies transforming from star forming to passive) at this masses and redshifts. The sample, obtained in LumbrerasCalle et al. (2019) (hereafter referred to as Paper I) includes low-mass star-forming system identified thanks to the use of data from the Survey for High-z Absorption Red and Dead Sources (SHARDS, Pérez-González et al. 2013 ), a deep, medium-band multi-wavelenght survey. In order to robustly analyse the morphological properties of the galaxies, we use the high-resolution, deep HST images from the CANDELS (Koekemoer et al. 2009 ) and 3D-HST (Skelton et al. 2014) surveys.
The paper is structured as follows. Section 2 describes the sample selection and the code used in the photometric decomposition. Section 3, describes the process of masking the starforming regions and performing the actual photometric fits. In Section 4 we analyse the results of the photometric fits in the context of the galaxy properties. Section 5 discusses the results and Section 6 presents our conclusions.
Throughout this paper we consider standard ΛCDM cosmology, with Ω Λ =0.73, Ω M =0.27 and H 0 = 71 km s −1 Mpc −1 . All uncertainties reported refer to the limits of the central 68% of the probability distribution.
Sample selection and photometric decomposition
The initial sample of young SFGs analyzed in this paper is extracted from Paper I. They identified 160 emission line galaxies (ELGs) at z < 0.36 within SHARDS (Pérez-González et al. 2013) . The SHARDS survey consists of deep imaging of the GOODS-North field using 25 contiguous medium band filters, and it was performed using the OSIRIS (Optical System for Imaging and low-Intermediate-Resolution Integrated Spectroscopy, Cepa et al. 2000) instrument, at the 10.4 m Gran Telescopio de Canarias (GTC) at the Observatorio del Roque de los Muchachos, in La Palma. We refer the readers to Paper I for a full description of the sample selection and characterization. Briefly, they developed an algorithm to simultaneously detect the Hα and [OIII] emission lines, as star formation tracers, in the well sampled (R ∼ 50) SED provided by SHARDS. They removed contamination by active galactic nucleii from the sample, ensuring that the emission lines come from star-forming events. In addition, models with two single stellar populations (SSP), one young and one old, were used to fit the SED of the galaxies and to obtain their stellar population properties. Thanks to the depth and quasi-spectroscopic resolution of SHARDS they were able to detect SFGs with equivalent widths (EWs) as low as 12 Å (median values of ∼35 Å in [OIII] 5007 and ∼56 Å in Hα) and stellar masses as low as 10 7 M (with median value of 10 8.5 M ). The SHARDS survey covers the Hubble Space Telescope (HST) legacy field GOODS-North. Thus, multi-wavelength high-spatial resolution imaging is available for all 160 ELGs in the sample. In particular, in this paper we use images in the F606W and F850LP filters from the Advanced Camera for Surveys (ACS) obtained from the CANDELS survey (Grogin et al. 2011) , the F435W and F775W filters from ACS, and the F125W, F140W, and F160W filters from the Wide Fide Camera 3 (WFC3) retrieved from the 3DHST survey (Brammer et al. 2012; Skelton et al. 2014) . This is the dataset we use to perform our photometric decomposition in the next subsection. and inaccurate derivation of the final errors. Therefore, a new approach is needed to provide an accurate description of the stellar host in ELGs at intermediate redshift. In order to overcome some of these difficulties, we used the PHI code described in Argyle et al. (2018) . PHI is based on an adaptive Markov Chain Monte Carlo (MCMC) algorithm that efficiently explores the parameter space providing robust results and statistically meaningful errors.
A complete description of the code can be found in Argyle et al. (2018) . Here we summarize its key aspects. As most 2D fitting codes, PHI uses both the flux and error images of a galaxy, as well as the point-spread-function (PSF). The code starts exploring the parameter space and in each iteration it produces a model image for the galaxy. Then, this model is convolved with the PSF and (given its Bayesian framework) the likelihood and posterior probability are calculated for the model and the data. After that, the MCMC engine starts varying the parameters, repeating the model creation and likelihood and posterior probability computation until the code converges or a maximum number of iterations is reached.
The exploration of the parameter space is performed in three different levels:
1. Blocked Adaptive Metropolis. In this stage, PHI works by fixing all parameters but one, and only modifies this parameter in order to estimate its typical scale of variation. This makes more efficient the further exploration of the parameter space. 2. Adaptive Metropolis. The code varies all parameters in each iteration to obtain a good description of the covariance matrix. 3. Chain convergence. Three Markov chains are run simultaneously, using the last covariance matrix from level 2, in order to perform the exploration of the parameter space in the most efficient way. We only consider a fit as successful when at least two of these chains converge and give compatible results.
In this paper we use a single Sérsic function (Sersic 1968 ) to describe the surface brightness distribution of the host galaxy:
where I e is the intensity at the effective radius R e , enclosing half of the total light of the model. n is the Sérsic index, describing the concentration of the light profile, and b n is a parameter determined by n. This model is implemented in concentric elliptical isophotes with position angle θ and ellipticity = 1 − q, where q = b/a is the ratio between the semi-minor and semimajor axis of the ellipse. It is worth noting that we use uniform priors in all parameters involved in the fit. In the case of I e and R e the fit is performed in logarithmic units. The Sérsic index n is allowed to vary between 0.4 and 8, and q between 0.2 and 1.
Masking and fitting process
To robustly describe the surface brightness distribution of the host galaxies in our sample of ELGs, we first mask out the starforming regions in the HST images. Not masking them would add spurious flux, possibly biasing the result of the fit (see Amorín et al. 2009 , and references therein). The full process of masking and fitting is summarized in Fig. 1 and described in this Section. We create the masks running the SExtractor code (Bertin & Arnouts 1996) with different threshold levels on Hα images created using HST broadband data. For those galaxies where no clear Hα was detected, we create the masks based on the near-UV HST data (F435W filter). Then, we perform the photometric decompositions, remove the poor fits, and choose the appropriate masks (see Fig. 1 ).
3.1. Creation of masks for the star-forming regions Our first step is to create pure Hα images using the available broad band HST images. To this aim, we use data from two HST filters, one of them including the Hα line emission, and the other probing only the stellar continuum. The process starts by aligning and PSF-matching both images. Then, we subtract the continuum image from the emission line one. In particular, for galaxies at z<0.266, the Hα line lies in the F775W filter and F850LP was used as continuum. For those with z>0.298, Hα lies in F850LP and F775W contains the continuum. In between those redshifts, the process is more complex since Hα is covered with both filters (see Appendix A for more details).
As a simple subtraction of both images (with and without Hα) is not accurate enough, we take into account the continuum variation between the two filters, using the best fit models derived in Paper I. These were obtained by fitting stellar population models to SHARDS data, which provides higher spectral resolution than HST, thus making this process feasible. To include the uncertainties in the SED fitting, we perturb the scaling factor (±10%) between filters choosing the value that produces less continuum oversubstraction when generating the Hα images.
Once the pure Hα images are built, the mask creation process consists in detecting sources over a given threshold. We run SExtractor with different thresholds over the sky background (1.1σ, 1.5σ, and 2 σ). The output segmentation maps were directly used as star-forming region masks. Since our ELG detection process (described in Paper I) is based on the SHARDS survey, which is very efficient detecting emission lines, some galaxies show no measurable Hα in the HST images. In these cases we use the near-UV HST data (F435W filter) to select the most prominent UV-emitting regions as masks.
Quality check and mask selection
All galaxies in our sample are photometrically analyzed using PHI in the 7 HST filters (F435W, F606W, F775W, F850LP, F125W, F140W, F160W). We use 4 different masking modes (no mask, 1.1σ, 1.5σ, and 2σ over the threshold mask). An example of the different masking regions is shown in Figure 2 . In total, we carry out 4480 (160 galaxies x 7 bands x 4 masks) photometric decompositions using the PHI code. Most of these fits converge, but a few either failed or showed high χ 2 values, and they were removed from the sample. In order to choose the most accurate one, we evaluate the results obtained for different masks. The whole process is summarized in Fig. 1 , where we also show the amount of galaxies retained in each step for each band, and the effect of the different mask modes in the fitted values of radius and Sérsic index.
Removing poor fits
We find that for some of the galaxies (15 in median, considering the different bands and masks) the code does not reach a solution. This is either due to galaxies being too small, faint, or due Article number, page 3 of 13 to errors in the photometry in certain bands. Among those runs where the code does provide a solution we find ∼ 29 (depending on the filter and mask) where either none or only one of the three chains converges successfully. We also remove those fits since we cannot assure they are reliable, and we are left with the amount of galaxies listed in box a) of Figure1 for each filter. In addition, we evaluate the goodness of the model by analyzing its χ 2 . The offset between filters was accounted for by normalizing the values in order to apply the same criterion in all bands. We measure the distribution of χ 2 in each band, defining σ* as the distance between the 16 and 50 percentiles. After visually inspecting the residual images, we place the threshold at 2σ* over the median χ 2 . The fits presenting higher values are removed from the sample, and the amount of galaxies left in the sample is presented in box b) of Fig 1. 
Mask selection
We then analyze the fitted parameters of the galaxies as a function of the mask used to cover the star-forming regions. We find a significant difference between the photometric parameters when the galaxies are fitted with or without mask (independently of which one is used). For instance, we find differences greater than 20% in 22.5% and 9.5% of the galaxies when considering the Sérsic index n and effective radius R e , respectively. However, these values drop to 5.1% and 2.4% when comparing the best fitted values among different masks. This means that the presence or absence of a mask has a noticeable influence in the fit for some of the galaxies, and therefore it is necessary to use them to derive precise morphological properties of the host galaxy. The precise shape and size of the mask has, however, a small impact on the fitted parameters. Therefore, as a compromise, we choose to use our intermediate Hα mask (with detection threshold of 1.5σ over the sky noise). With this choice, we avoid both large masks that leave very few galaxy pixels to fit and small masks that leave many pixels contaminated by strong star-forming regions possibly biasing the fit. Using the 1.5σ masks, we are left with the amount of galaxies per filter shown in box c) of Fig. 1 . They fulfill the three criteria previously mentioned: PHI finds a solution, two or three chains converge, and the normalized χ 2 of the model is smaller than the threshold. Considering this, 143 galaxies are successfully fitted at least in one band. To select the final sample of galaxies over which we will perform the rest of the analysis, we only keep those that present good fits in at least three bands: two or more filters from ACS, and one or more from WFC3. This is done to ensure that an analysis of the galaxy colors is feasible without extrapolating values to distant wavelength ranges. Applying this criteria, 95 galaxies constitute the final sample studied in this paper.
Results
In this Section we summarize the results of applying our photometric decomposition to the ELGs. In Table 1 all galaxies and bands, as well as the χ 2 values. The uncertainties in the photometric parameters for each galaxy have been derived using their marginalized posterior distributions. We find that more than 70% of galaxies present uncertainties lower than 25% on every parameter in all bands, except for the Sérsic index and Sérsic total intensity in the WFC3 filters. In fact, considering only ACS bands, more than 70% of galaxies present uncertainties lower than 10% in all parameters, but the Sérsic index and Sérsic effective intensity. The final sample fitted is composed of 95 galaxies out of the original 160 detected ELGs (60%). Figure 3 presents the distribution of the photometric parameters: effective radius R e , Sérsic index n, axis ratio q, and effective surface brightness µ e for the 95 galaxies analyzed. Different colors represent the results in the different HST bands.
Photometric properties of the host galaxies
We find that the median effective radii of the host galaxies are lower than 1.7 kpc in all bands. These values are low compared to some previous studies (e.g. Wuyts et al. 2011 ), but in agreement with the expectations at the mass range where our sample resides (Lange et al. 2015; Shibuya et al. 2015) . Closely inspecting the distribution, we detect a characteristic double-peaked distribution in all bands with maxima at ∼0.8 kpc and ∼1.9 kpc. We investigate this further in Sect. 5.1.
Regarding the Sérsic index, more than 75% of the galaxies present values lower than 2 in all bands (and more than 50% equal or lower than 1), with very few (∼4%) of them between 3 < n < 5. These values of Sérsic index are consistent with the results of other emission-line-selected galaxy samples (e.g. Paulino-Afonso et al. 2017) . Some specific bands present wider distributions (such as F606W and F850LP), but median values remain very similar, spanning from 0.83 to 1.01 except for the bluest filter (F435W), where the Sérsic index is lower than for the other bands (0.59).
The axis ratio q of the host galaxies shows a wide range of values (from the 0.2 to 1, the minimum and maximum possible values) in all bands, but with different characteristics in the different filters. The bluest filter (F435W) presents a lower median value (0.46) and flatter distribution than the rest of the bands.
The surface brightness at the effective radius µ e presents a similar distribution in all bands, slightly skewed towards brighter values in the WFC3 values. It is important to note that the values in this histogram have been corrected by cosmological dimming and K-correction (following the procedure described in Section 4.2).
Integrated colors of the host galaxies
Our multi-wavelength photometric decomposition yields results in seven non rest-frame HST filters, which need to be transformed into standard rest-frame filters to perform color analysis. In order to obtain the U, V, and J rest-frame magnitudes for our models, we apply the K-correction (Hogg et al. 2002) . To this aim, we take advantage of the SED fits performed on each of the galaxies in Paper I, using the SHARDS data, with higher spectral resolution. We obtain the synthetic magnitudes of the whole galaxies in the U, V, and J rest-frame filters and the HST non-rest frame ones by convolving the population models with the filter transmissions. The difference between the U, V, and J magnitude and the nearest HST band is the K-correction. (see Fig. 5 ). We apply it to the integrated magnitude of the Sérsic model of the host galaxy in the appropriate HST bands. Fig. 6 shows the UVJ diagram for the host galaxies (black triangles) and the integrated flux of the whole galaxy, including star-forming regions (blue dots, from Paper I). Despite our sample being exclusively composed of SFGs, we show how some of their hosts actually lie in the passive region of the diagram (top left) once they are free from the star-forming regions.
Wavelength dependence of the photometric parameters
We take advantage of the multi-wavelength data to analyze the possible trends in the photometric parameters with wavelength. We compute whether the median values of each parameter in the sample correlate with the wavelength, as well as for each individual galaxy. Throughout the paper, we calculate the correlation between variables by performing 1000 Monte Carlo and Bootstrap simulations and deriving the Spearman rank coefficient in each one. If more than 95% of the simulations present a positive (negative) coefficient, we consider that a positive (negative) correlation is present.
The host galaxy axis ratio q is higher at longer wavelengths, meaning that the galaxies become rounder when seen in the infrared, compared to the UV-optical range. The median value of the sample grows from q=0.47 at F435W to q=0.67 at F140W. For individual galaxies, 46% of them present a statistically significant positive correlation (the longer the wavelength of the filter considered, the higher the q).
Considering the Sérsic index, the median values of the sample oscillate between n=1.0 and n=0.8, with no dependencies . The blue circles represent the integrated colours of the entire galaxies derived from the SED models obtain in Paper I. The black lines represent the separation between passive (top left) and SFGs taken from with wavelength. The only exception is the F435W band, with a lower median value of n=0.6.
The median values of the effective radius R e neither show dependence with wavelength. We find the smallest value in F435W with R e =1.34 kpc, but F160W shows the second smallest one, R e =1.45 kpc. The same applies for individual galaxies. Notes.
(1) SHARDS ID; (2) HST filter ID; (3) reduced chi-squared of the best-fit; (4) central surface brightness of the host galaxy model, in AB mag arcsec −2 (after considering cosmological dimming and K-correction); (5) effective radius of the host galaxy model, in kpc; (6) Sérsic index of the host galaxy model; (7) axis ratio of the host galaxy model; (8) position angle of the host galaxy model, in degrees. (1) SHARDS ID; (2) mass of the galaxy, in log(M ); (3) specific star forming rate of the galaxy, in log(yr −1 ); (4), (5), (6), (7) and (8) AB magnitudes in the U, V, J, g, and r bands, respectively; (9) g-r color gradient, as defined in Equation 2; (10) class of the galaxy, (A or B, see text). Data for columns (2) and (3) are taken from Paper I. Vulcani et al. (2014) find very clear trends with increasing wavelength, of a ∼ 30 % decrease in size and a ∼ 100 % increase in Sérsic index in our wavelength range. Lange et al. (2015) find a less striking relation, with a 16 % decrease in size from g to K s band in late-type galaxies. van der Wel et al. (2014) find that a similar variation with wavelength, but it fades at lower masses. We use their equation (1) to compute the expected change of effective radius with wavelength. Assuming the median values in both mass and redshift of our sample, and considering the F850LP and F125W filters, we find ∆log 10 (R e f f [kpc])=0.0098. This is compatible with the measured values of the galaxies in our sample, ∆log 10 (R e f f [kpc])= 0.000 +0.072 −0.046 .
Color gradients of the host galaxies
Color gradients have been widely used to understand the structural properties and evolution of galaxies (Franx & Illingworth 1990; MacArthur et al. 2004; La Barbera et al. 2005; Tortora et al. 2010; Patel et al. 2013 ). These studies have found negative color gradients, and have been linked to age and metallicity gradients, supporting an inside-out mode of star formation. We compute the g − r color gradients of the galaxies along the semi-major axis using the modeled surface brightness in each band. In this way, we consider only the structure of the host galaxy, without contamination due to the star formation regions. We choose the g and r SDSS bands in order to compare with results from the literature. For the K-correction, we follow the same procedure described in Section 4.2. In addition, we exclude the F435W filter from this analysis since its lower signalto-noise ratio in the outermost regions of the galaxies prevents us from using it to accurately compute colors. We derive color gradients only in a subsample of galaxies where the segmentation map radius obtained from 3D-HST (Skelton et al. 2014 ) is larger than 0.9 arcsecs. We also remove all galaxies where the basic morphological parameters (PA and position of the center) do not match between the two filters used to derive the color. This leaves us with a subsample of 58 galaxies for the study.
We compute the logarithmic slope in bins of 500 pc to derive partial color gradients:
where R is the radius in kpc, and µ g and µ r are the surface brightness in g and r at that radius respectively. We avoid both the innermost region of the galaxies (R < 500 pc) and regions where more than 30% of the pixels are covered by the star-formation mask. Notes.
(1) Stellar mass; (2) star forming rate, in log(M /yr); (3) specific star forming rate, in log(yr −1 ); (4) Surface brigthness at the effective radius, in mag/arcsec 2 ; (5) Effective radius in kpc; (6) Sérsic index; (7) We present two examples of g−r color as a function of radius in Fig. 7 , with the first galaxy showing a clear negative gradient and the second, a flat profile. We classify a galaxy with a global gradient when the median value of each partial gradient is larger (in absolute value) than the standard deviation of the whole set of partial gradients. Considering this, we find that only 31 out of the 58 galaxies show a color gradient, with a median value of ∇ g−r = −0.48. Out of those 31 galaxies, 28 have a negative color gradient, i.e., the outskirts are bluer than the inner regions.
If we consider all 58 galaxies analyzed (assigning ∇ g−r = 0 to those where there was no significant gradient) we get a mean value of -0.32. This is comparable to other studies such as Kennedy et al. (2015) , where they find ∇ g−r between -0.22 and -0.29 for their galaxies with n<2.5 (as most of our sample is); or to Tortora et al. (2010) , who find ∇ g−i ∼ -0.2 ±0.15 for late-type galaxies with the same median effective radius as ours.
Discussion
In this Section, we analyze the properties of the sample, discovering through clustering analysis the existence of two different classes, according to their radius, Sérsic index, and color. We discuss possible scenarios to explain these differences and possible evolutionary paths between the galaxies in our sample belonging to each class. We also analyze the evidence in favor and against each one of the possibilities.
The two classes of host galaxies
Exploring in detail the distribution of effective radius of our sample of galaxies (Fig. 3, panel a) , we notice the existence of a double peak, visible in all bands, at ∼0.8 kpc and ∼1.9 kpc. Select- ing galaxies around the two peaks resulted in sub-samples that present a suggestive difference in median values of Sérsic index and U-V color. In order to disentangle more precisely these two possible classes of galaxies, we use a clustering algorithm. We perform the computation using a Gaussian mixture model (Bouveyron et al. 2007 ), implemented using the sklearn package in Python (Pedregosa et al. 2011) . This model presupposes that the sample is generated from several Gaussian distributions, and the code estimates their parameters, determining also the cluster to which each galaxy belongs, with a certain confidence level. We assume the sample can be separated into two different clusters (classes A and B) based on the effective radius, the Sérsic index, and the U-V color. For each galaxy, we use the median value across ACS filters for the effective radius and Sérsic index, and the result is presented in Fig. 8 . We proof the existence of two classes, with class A corresponding to the subsample of galaxies with lower radius, higher n, and redder U-V color, whereas class B is made up of larger, bluer, and lower n galaxies. Class A consists of 23 galaxies and class B of 72.
We run a series of tests to further confirm and strengthen this conclusion. First, we perform Kolmogorov-Smirnov (KS) tests, which show that classes A and B are statistically different in n, R e , and U-V (p-values < 10 −4 in all cases). In contrast, separating the sample in either n, effective radii, or U-V colors instead does not result in statistically different samples in all three parameters simultaneously. The g − r color is also statistically different from one class to the other (redder in class A), giving consistency to our analysis in U-V and g − r. The two subsamples are also present if we run the clustering analysis in each band individually. The KS tests also show that the two subsamples are statistically different in the three parameters (R e , n, and U-V) in all filters. Although the subsamples are not identical in all bands, ∼ 80% of the galaxies in each class are present in the majority of filter-selected subsamples.
Having confirmed the significance of the two classes, we also analyzed some of the different parameters of each class. We first consider the apparent shape of the galaxies, focusing on the axis ratio q. The lowest q value in a sample can be used as a proxy for the intrinsic shape of the galaxies in it, regardless of orientation (Sánchez-Janssen et al. 2010) . Separating in classes A and B, we find that the minimum q value, in all bands, is lower for class B than for class A, indicating that galaxies in class A are more spheroidal-like than the ones in class B. Furthermore, if we consider the q 25% value (first quartile of the distribution) in each band, the percentage of galaxies in each class that are below that threshold indicates the relative amount of elongated galaxies in each subsample. We find that this percentage is larger in class B than in class A (∼ 31% versus ∼ 18% in median), strengthening the previous observation of the minimum q values. We also find that the median specific star forming rate (sSFR) is lower in class A than in class B, with log 10 (sSFR)= −1.53 +0.94 −0.39 log 10 (M /yr) and log 10 (sSFR)=−1.20 +0.60 −0.48 log(M /yr), respectively. Similarly, the median stellar mass of class A is lower than in class B, with log 10 (M /M )=8.37 +0.80 −0.81 and log 10 (M /M )=8.48 +0.51 −0.79 , respectively. It is worth noting that in both cases the distributions show significant overlap.
We compare our results with the work by Hinojosa-Goñi et al. (2016) on starburst galaxies within the COSMOS field. They built their sample using data from Subaru medium band filters (Taniguchi et al. 2015) in a manner similar to our method in Paper I. Using the HST F814W images, they morphologically classified their sample in three categories: Sknot, when the galaxy consists of a single star-forming clump; Sknot+diffuse, when the single clump is surrounded by diffuse emission; and Mknot, when multiple clumps are identified in a single galaxy. Using their data, we find their Sknot and Sknot+diffuse galaxies to be redder than their Mknot subsample (Fig. 9) . We applied the K-S test to confirm their distributions are statistically different. The effective radii of their subsamples also show a differentiated behavior, with Mknot galaxies being larger than Sknot+diffuse, which in turn are larger than Sknot. The dispersion in values is, however, very high for the Mknot subsample (∼ 1.8 kpc). Both results indicate trends coherent with our findings. This will be explored further in Méndez Abreu et al. 2019 in prep.
Considering the results presented in this section, we find convincing evidence of the existence of two different classes of galaxies hosting star-forming events in our sample: i) larger, bluer, and disk-like host galaxies, and ii) smaller, generally redder and spheroid-like galaxies. Figure 10 shows the mass-size relation for our sample, with class A galaxies in red and class B in blue. The two classes follow different mass-size relations, with similar slope but a clear offset.
Mass-size relation
The linear fit to each class is shown in red and blue lines, with the 1 σ errors of the fit computed using Monte Carlo an Bootstrap simulations and shown as shaded areas.
The comparison with the literature is also shown in Figure  10 . Note however that our mass range is one or two orders of magnitude lower than theirs. Class B galaxies follow a relation compatible with the extrapolation to low masses of the SFG sample in van der Wel et al. (2014) , as well as the disk components of galaxies in the sample studied in Lange et al. (2016) . The galaxies in class A, however, follow a relation more similar to the spheroidal and quiescent galaxies. There is as well an offset in the median values of the effective radius of the two classes, with class A and showing a median of R e =0.65 +0.59 −0.28 kpc and 1.82 +1.35 −1.04 kpc, respectively.
Comparison with previous studies on star-forming galaxy subsamples
In our work, class B galaxies show properties similar to typical SFGs in the literature, while class A present intermediate values between SFG and quiescent galaxies. There are a number of studies in the literature that find a transition type of galaxies as well, that could be linked with our class A. The different ways of selecting these samples, and the physical characteristics of the transition-type galaxies can provide useful clues to place the results of the present paper in a broader context. There is a variety of methods for selecting transition galaxies presented in the literature: Pandya et al. (2017) selected galaxies below the the main sequence of star formation, Wang et al. (2017) identified SFGs in MaNGA with larger 4000 Å break at 1.5R e than in the center, and Wang et al. (2018) selected compact SFGs. Regarding post-starburst galaxies (PSBs), Pawlik et al. (2018) (their ePSB class) and Maltby et al. (2018) (their lowmass, low redshift PSB) defined transition samples according to principal component analysis (PCA) of their spectra and SED, respectively.
In all those studies where the Sérsic index or the radius were measured, the transition samples presented intermediate values between star-forming and quiescent galaxies in both parameters (in the Wang et al. (2018) case, the radius is smaller than in other SFGs by design). In some cases Pawlik et al. 2018; Maltby et al. 2018 ) the color of the galaxies was measured and presented intermediate values as well. The sSFR shows higher values than in normal SFGs in Wang et al. (2018) and Wang et al. (2017) , while it is lower by design in Pandya et al. (2017) . The metallicities are only measured in Wang et al. (2017) , and they are higher than in normal SFGs. In terms of the relative abundance of these transition galaxies, we find 24 % of the sample to be of the intermediate type. Some other samples are similar to ours (20% of all the SFG in Pandya et al. 2017 , 14% in Wang et al. 2017 while others, specifically the poststarburst samples (Maltby et al. 2018 and Pawlik et al. 2018 ) are less common, around 4%.
Note that our analysis differs from those described before in the way the sub-samples are selected. We do not impose a priori hard limits in some parameters, but analyze the two populations that arise from clustering analysis when considering radius, Sér-sic index, and color.
Physical explanation for the two-classes subdivision
In this subsection we review the possible scenarios capable of explaining the existence of two populations of SFGs like the ones presented in this paper. We will discuss processes that entail the evolution of galaxies from class B to class A, but also some models that explain the existence of galaxies which are to stay in class B without necessarily evolving from galaxies in class A.
5.4.1. Evolution from galaxies in one class to another -Major mergers If two SFGs (like our class B population) with similar mass merge, the gas can fall to the center, triggering a fast cen- Fig. 10 : Mass-size relation of our sample of galaxies. Blue dots are galaxies that belong to class B, red dots belong to class A. Shaded blue (red) area are the 1σ limits for a linear fit to the blue (red) dots, using bootstrap and Monte Carlo simulations. The lines represent mass-size relations found in the literature (see legend). Lines are continuous until they reach the mass limit for each sample, from where we point extrapolations to lower masses as dashed lines.
tral starburst. According to Hopkins et al. (2010) , the resulting system can be dominated by a central, dense, quasispheroidal bulge. If the residual disk is faint, it can be undetectable in our images, and thus the galaxy may have smaller effective radius, while still presenting star-formation, as our class A population (see also Pawlik et al. 2018) . Dwarf-dwarf galaxy mergers have also been presented as a possible cause of transition-type galaxies, for example in Dellenbusch et al. (2008) . However, our galaxies in class A are not systematically more massive than class B (if anything, the opposite is true, see table 3), which would be expected if they were the result of a major merger.
-Violent disk instability
Cold gas accretion onto a galaxy can produce violent disk instability (VDI), that in turn drives dissipative gas inflows into the disk center (partly as giant star forming clumps coalesce to the center). This results in a compact star forming system ("blue nugget") that is later quenched, turning into a "red nugget" (Bournaud et al. 2007; Ceverino et al. 2010; Dekel & Burkert 2014, among others) . This scenario implies an increase in central surface brightness in the galaxies undergoing this quenching process. We see in Fig. 11 that the galaxies in our class A subsample are in fact located in the quenched region of the surface mass density vs. mass diagram, considering the relation derived by Fang et al. (2013) .
The main limitations to apply this model to our sample is the different mass and redshift range for which it is developed (M > 10 10 M , z = 1 − 3) compared to our less massive, closer sample (10 7 < M /M < 10 10 , z = 0.1 − 0.36). This affects the availability of cold gas in the intergalactic medium (which is higher at higher redshift) and the ability of our galaxies to accrete it. However, recent works (Sánchez Almeida et al. 2013 present strong evidence of cold flow accretion from the cosmic web into local dwarf galaxies which would make the scenario more plausible.
-Minor mergers and gas accretion
Several authors have presented evidence supporting the importance of minor mergers in the star forming history and morphological evolution of galaxies, specifically in recent times (z<1) (Bournaud et al. 2007; Kaviraj 2014; Smethurst et al. 2015) . As Smethurst et al. (2015) point out, minor mergers could be responsible for the evolution across the green valley of galaxies in an intermediate speed quenching regime (∼ 1.5 Gyr). More specifically, minor mergers would trigger star-formation, that would exhaust the remaining gas and contribute to the quenching of the galaxy (Smethurst et al. 2015) . Starkenburg et al. (2016) performed simulations of dwarf galaxies merging with dark satellites ("galaxies" consisting only of dark matter), and found that these interactions triggered starbursts and morphological changes, leaving a more spheroidal and compact system than the original dwarf galaxy. Although this is consistent with our data, it must be noted that dark satellites, even if predicted by cosmological simulations, have not yet been detected.
It is worth noting that other scenarios for this evolution (e.g. environment-related processes) cannot be applied to our sample, given the lack of high-density environments in the GOODS-N field.
No link between the two classes
Contrary to what has been previously discussed, it is possible that galaxies in different classes just represent different evolutionary paths.
The existence of a slightly red, small, compact population but with measurable star formation activity (class A) can be explained in several ways. For example, minor merger accretion of Fig. 11 : Surface mass density of the galaxies in the sample as a function of galaxy mass. The line is an extrapolation of the relation presented in Figure 4 . of Fang et al. (2013) to fit galaxies in the red sequence and the green valley. Red and blue circles represent galaxies in class A and B, respectively. gas-rich dwarf galaxies could cause a small level of star formation in an otherwise red, quiescent galaxy. There is evidence of accreted, kinematically misaligned gas in early type and green valley galaxies (Davis et al. 2011; Jin et al. 2016 ). This could be comparable to the ex-situ clumps of star formation described in Mandelker et al. (2014) .
Other authors have recently presented numerical simulations (Wright et al. 2019; Ledinauskas & Zubovas 2018 ) that show reignition of star formation in quiescent, dwarf galaxies due to interactions with streams of gas in the intergalactic medium. This scenario is plausible, considering that the star forming history of local dwarf ellipticals (e.g. Tolstoy et al. 2009; Grebel 1998) presents, in some cases, small star forming events at similar redshift as our galaxies (even isolated galaxies as shown in Greco et al. 2018) .
Reaching a conclusion on the precise evolution and nature of the two classes of galaxies cannot be obtained with the data in this paper. However, the similarity with several results in the literature at higher masses, makes us consider that the compaction and quenching scenario is the most likely cause of the two classes. The precise mechanisms that causes it (VDI, minor or major mergers) remain unclear, and all of them may be at play. The exact nature of the compaction, i.e. whether it is a physical contraction with radial migration of the stars, or a relative accumulation of mass in the inner regions compared to the outskirts (Wang et al. 2018 ) is also a matter of debate.
Conclusions
In this paper we intend to better constrain the relation between morphology of galaxies and their star formation properties. We perform single Sérsic 2D fitting to the HST images of the ELG sample defined in Paper I, using the software PHI (Argyle et al. 2018 ), a Bayesian 2D fitting code, that provides us with realistic uncertainties in the parameters of the fit.
To accurately measure the light distribution of the underlying host galaxy harboring star-forming events, we need to mask the clumps of star formation. To do so, we create Hα images of the galaxies, subtracting a continuum broad-band filter from the filter contaminated by the line, taking into account the slope of the SED. For the galaxies where the Hα image does not present clumps, we use the brightest clumps in the F435W images (our bluest filter) as mask. We find that using larger or smaller masks does not change significantly the results, but not using any mask would bias the Sérsic index values in many galaxies (22% of them would present discrepancies larger than 20%).
The sample shows low median Sérsic index (n ∼ 1), with 80% of the sample showing n<2 in all bands, consistent with the literature for SFGs. In coherence with the low masses derived in Paper I, the measured radius are small, lower than 3 kpc in at least 80% of the galaxies. The axis ratio q shows an extended distribution, with growing values of q at longer wavelengths.
We compute also the color of the host component of the galaxies, as well as the color gradients for those galaxies where this analysis is feasible. Most host galaxies belong to the starforming area of the UVJ diagram, although they are redder than the complete galaxy (considering the star-forming clumps as well). Color gradients are clearly seen in only 31 of the 58 galaxies where we perform the analysis, and the vast majority of them (28) are negative: the outskirts are bluer than the inner regions.
We find, using a clustering algorithm, that the sample can be separated in two classes (A and B) according to their size, Sérsic index, and color. Class A shows lower radius, higher n and redder U-V color, while class B shows the opposite properties. This separation holds in all bands. In addition, the minimum value of the axis ratio q is higher in class A for all bands, indicating that they are more spheroidal-like. In the mass-size diagram, class A galaxies follow a relation similar to passive and spheroidal galaxies. We find several studies in the literature that also describe two different populations of SFGs that are similar to our two classes.
We review the possible causes of this separation, and find our data most coherent with the 'compaction and quenching' scenario. If this was the case, extended SFGs would become more compact (through mergers or violent disk instability) and spheroidal, and they would later be quenched. This would mean there is an evolutionary link between the galaxies in the two classes. In order to confirm this scenario, a larger sample would be needed. In future work, we will extend this morphological analysis to a sample of higher redshift SFGs.
For galaxies with z<0.266 or z>0.298, the process is quite straightforward. Band A (the one with Hα contamination) is F775W in the lower redshift case and F850LP in the higher redshift one. Band B is the one with only stellar continuum in its wavelength range (F850LP in the lower redshift case and F775W in the higher redshift one). We have then:
where F A and F B are the total fluxes in each band, C A and C B the continua, and Hα the line flux. Subtracting, and taking into account the scaling factor f = C A /C B between the continua computed from the SHARDS SED fits in Paper I we get:
Appendix A.2: 0.266<z<0.298
For galaxies with 0.266<z<0.298, both F775W and F850LP are contaminated by Hα, therefore the previous approach is unfeasible. The use of the F606W filter as continuum is impossible because it is affected by [OIII] and Hβ contamination (and other filters would be too distant in wavelength). We consider then:
F F850LP = C F850LP + Hα (A.5)
We have then:
Computing the scaling factor f = C F775W /C F850LP between the continua:
Substituting in the second equation, we get: A.8) 
